Introduction {#s1}
============

ST-elevation myocardial infarction (STEMI) is characterized by thrombotic occlusion of the coronary artery precipitated by plaque rupture. Primary percutaneous coronary intervention (PPCI) remains the treatment of choice because it is associated with a significant reduction in morbidity and mortality \[[@R01], [@R02]\]. Most procedures are now performed with drug-eluting stents, which are associated with a lower rate of restenosis than bare-metal stents. Distal embolization during PCI is a major contributor to microvascular injury, resulting in persistent ST-segment changes, larger infarct size, hemodynamic instability and death \[[@R03]\]. Pharmacologically facilitated PCI has resulted in increased bleeding risk and failed to provide improvements in clinical outcomes \[[@R04]\]. Balloon inflation is associated with higher risk of distal embolization and microvascular occlusion, which is associated with worse outcomes \[[@R05]\]. Moreover, recent randomized clinical trials and meta-analyses showed that the routine use of aspiration thrombectomy in STEMI was not associated with any benefit on short-term outcomes \[[@R06], [@R07]\].

Considering this, direct stenting appears to be the current best option for PPCI. The availability of low-profile stent delivery systems has further provided impetus to DS. Studies have shown that DS shortens procedural time, reduces radiation and contrast exposure and has lower adverse event rate \[[@R08]\]. To perform DS, it is mandatory to visualize the length of culprit lesion and the diameter of the downstream artery. Unfortunately, in most cases of STEMI, the thrombolysis in myocardial infarction (TIMI) flow remains ≤ 1 after wire placement. Therefore, the feasibility of DS has been quite low ranging from 30% to 50%.We utilized a deflated balloon to facilitate DS by visualization of culprit lesion, in patients with total occlusion of the culprit artery. The aim of this study was to evaluate the feasibility, safety and outcomes of this novel technique in patients with STEMI in real-world clinical practice.

Material and Methods {#s2}
====================

Study population {#s2a}
----------------

This was a prospective, observational, single-center study. From September 2016 to June 2018, 540 consecutive patients with STEMI who were referred for primary PCI were screened for inclusion in the study. All patients \> 18 years of age presenting with STEMI within 12 h of symptom onset or between 12 and 24 h if they had persistent symptoms with evidence of ongoing ischemia, were included in the study for PPCI. Patients who presented with cardiac arrest, with reperfusion delay \> 24 h and/or not giving consent for the procedure were excluded. DS was the primary modality of treatment in all patients wherever possible. All patients where DS was done formed the direct stenting group (DS group, and rest were included in the pre-dilatation group (PD group). Patients in the PD group underwent balloon pre-dilatation ± thrombosuction prior to stenting. The flow chart in [Figure 1](#F1){ref-type="fig"} summarizes the study design. The study was approved by the local ethical committee and all patients provided written informed consent.

![The study flow summarizing the study design.](cr-09-284-g001){#F1}

Study protocol {#s2b}
--------------

During primary PCI, those patients who had TIMI flow of ≥ 1 at initial injection or after wire placement underwent DS. Patients with complete occlusion of the vessel after wire placement were subjected to deflated balloon-facilitated DS technique (DBDS technique). In this technique, a semi-compliant balloon was taken with diameter ≤ 2 mm and length ≤ 15 mm. It was gently crossed beyond the lesion in deflated state and pulled back into the guiding catheter. Thereafter, a small (2 - 3 mL of contrast agent) injection was taken to assess the distal TIMI grade flow. If TIMI flow ≥ 1 was achieved and distal end of lesion was visualized, DS was done ([Fig. 2](#F2){ref-type="fig"}). If flow could not be achieved, the balloon crossing was repeated with contrast injections to a maximum of three times. In many cases, the distal flow would last for few seconds; therefore, an immediate visual estimation of lesion or fluoroscopy grab image was used for DS. If flow still remained ≤ TIMI 1, the same balloon was advanced across the lesion and used for pre-dilatation.

![RCA total occlusion treated with the DBDS technique. (a) Complete thrombotic occlusion of proximal RCA with no distal flow (TIMI 0). (b) After wiring, a deflated balloon is gently crossed beyond the lesion and pulled back. (c) Direct stent placement is done after visualization of the distal end of lesion (≥ TIMI grade 1 flow achieved by DBDS technique). (d) Final result with a TIMI flow of 3 after stenting. RCA: right coronary artery; TIMI: thrombolysis in myocardial infarction.](cr-09-284-g002){#F2}

All the patients underwent loading with ticagrelor 180 mg, aspirin 300 mg and atorvastatin 80 mg in the emergency department itself. During the procedure, intravenous UFH (Un-fractionated Heparin) was for anticoagulation and glycoprotein IIb/IIIa inhibitors were used as bail-out only. Second-generation drug-eluting stents (DES) were used in all cases and the stent length was kept greater than the lesion length to prevent plaque and thrombus shift. If the patient was in cardiogenic shock, PCI of non-IRA lesions (infarct related artery) was done during index procedure, otherwise it was routinely done before hospital discharge. Aspiration thrombectomy was very selectively used in cases with heavy thrombotic burden and where downstream artery couldn't be visualised. Whenever we found TIMI flow ≥ 1 either at baseline or after wiring, an immediate fluoroscopy grab was done to proceed for DS, as in many cases the artery would reocclude and thereby unnecessarily require pre-dilatation ± thrombosuction. Post-dilation and high-pressure (≥ 14 atm) stent deployment was avoided because of high thrombotic burden in acute STEMI and risk of distal embolization. Wherever feasible, we preferred using slightly oversized stent and deployment at low pressures (10-12 atm). Intracoronary nicorandil and/or adenosine injections were selectively used in patients with slow flow or no-reflow after stenting. Every attempt was made to minimise fluoroscopy time and contrast volume. Visipaque (GE Healthcare, Chicago, IL) was used as contrast agent and hydration with isotonic saline was done in all patients pre and post procedure. After the intervention, all patients received aspirin indefinitely, clopidogrel, prasugrel or ticagrelor (preferably) for at least 12 months and other cardiac medications according to ACC/AHA guidelines \[[@R9]\]. Patients remained in hospital for at least 48 h.

Study endpoints {#s2c}
---------------

The procedural outcomes recorded were TIMI flow at the end of the procedure, use of Gp IIb/IIIa inhibitors, contrast volume use, fluoroscopy time, procedural time, overall procedural cost and procedural complications. The clinical outcomes recorded were the rates for ST-segment resolution \> 50% after PCI, left ventricular ejection fraction (LVEF) at discharge, cardiogenic shock, ventricular fibrillation, all-cause death, stent thrombosis and a composite of major adverse cardiac events (i.e. cardiac death, non-fatal myocardial infarction and clinical driven target lesion revascularization (TLR)) at 30-day follow-up. The primary endpoint was the feasibility of the procedure and the secondary endpoint was a composite of major adverse cardiac events (MACE) at 30 days.

Definitions {#s2d}
-----------

DS was defined as stent implantation without the use of aspiration thrombectomy or a balloon pre-dilation. Success of the DBDS technique was defined as ≥ 1 TIMI grade 1 flow after the procedure. Any death was defined as cardiac unless an unequivocal non-cardiac cause could be established. Stent thrombosis was determined angiographically or, in the absence of angiographic confirmation, as sudden cardiac death within 30 days of implantation or myocardial infarction in the territory of the target vessel, as per Academic Research Consortium (ARC) definite or probable criteria \[[@R10]\]. TLR was defined as any clinically indicated repeat revascularization of the target vessel performed for restenosis or other complication of the target lesion \[[@R10]\]. Major adverse cardiac event (MACE) was defined as the composite rate of cardiac death, MI and TLR. TIMI flow grading and myocardial blush grade (MBG) were used together to define angiographic no reflow as TIMI flow \< 3 (with any MBG grade) or TIMI flow 3 with MBG 0 - 1 \[[@R11]\].

Statistical analysis {#s2e}
--------------------

The data were analyzed using GraphPad Prism 7, version 7.04 (GraphPad Software, Inc.). Baseline, procedural and follow-up information were summarized with descriptive statistics. Continuous variables were presented as means and SDs and categorical variables were expressed as frequencies and percentages. The P value for comparing two independent continuous variables was from unpaired student's *t*-test and for comparing two proportions was from the chi-square test or Fisher exact test. All tests were two-sided, and statistical significance was at P \< 0.05.

Results {#s3}
=======

Patient characteristics {#s3a}
-----------------------

From September 2016 to June 2018, 540 consecutive patients with STEMI admitted to our hospital were screened and 454 patients were enrolled in the study after exclusion. Out of these, 336 patients (74%) were included in DS group and 118 patients (26%) formed the PD group. The flow chart in [Figure 1](#F1){ref-type="fig"} shows the summary of study design. As shown in [Table 1](#T1){ref-type="table"}, the two groups were comparable with regard to most of the demographic and baseline clinical characteristics. However, there were significantly higher number of smokers in PD group and the baseline LVEF too was lower.

###### Patient Characteristics

                           DS group (n = 336)   PD group (n = 118)   P value
  ------------------------ -------------------- -------------------- ---------
  Age (years), mean ± SD   53.9 ± 10            52.8 ± 11            0.31
  Male sex                 264 (78.5)           95 (80.5)            0.65
  BMI, mean ± SD           26.5 ± 6.2           25.9 ± 6.7           0.37
  Diabetes                 97 (28.8)            44 (37.2)            0.08
  Hypertension             207 (61.6)           68 (57.6)            0.44
  Dyslipidemia             131 (38.9)           42 (35.5)            0.51
  Current smoker           151 (45)             71 (60.1)            0.004
  Family history of CAD    41 (12.2)            16 (13.5)            0.70
  Prior MI                 24 (7.1)             10 (8.4)             0.63
  Prior PCI                9 (2.6)              4 (3.3)              0.58
  LVEF, mean ± SD          39.9 ± 6.4           38.2 ± 7.3           0.01

Values shown represent numbers (percentages), except where otherwise noted. DS: direct stenting; PD: pre-dilatation; BMI: body mass index; CAD: coronary artery disease; MI: myocardial infarction; PCI: percutaneous coronary intervention; LVEF: left ventricular ejection fraction.

Primary outcome: feasibility of the technique {#s3b}
---------------------------------------------

After angiography, 93 patients (20.4%, n = 454) had ≥ 1 TIMI grade 1 flow in the infarct-related artery. Subsequently after wiring, additional 52 patients (11.4%, n = 454) developed flow suitable for DS. The remaining 309 patients with total occlusion even after wiring, were subjected to DBDS technique. The success rate of the technique was 68% (211/309). Overall, DS was done in 74% of the total patients as compared to 32%, where it would have been possible without the technique (P \< 0.0001). Possible complication of the technique was noted only in one patient who developed no-reflow, which improved with intracoronary nicorandil. The failure rate of DS in patients with ≥ 1 TIMI grade 1 flow, either at baseline or after DBDS, was 5.6% (20/356).

Procedural characteristics and outcomes {#s3c}
---------------------------------------

[Table 2](#T2){ref-type="table"} shows the procedural characteristics in both groups. The door to balloon time was 57 ± 18 min in DS group versus 59 ± 17 min in PD group (P = 0.29). Transradial approach was the primary modality in both groups (98% versus 97.4%, P = 0.77). In both groups, the culprit arteries were most frequently the left anterior descending artery and right coronary artery. Prevalence of multivessel disease was also similar.

###### Procedural Characteristics and Outcomes

                                  DS group (n = 336)   PD group (n = 118)   P value
  ------------------------------- -------------------- -------------------- ----------
  Door-to-balloon time (min)      57 ± 18              59 ± 17              0.29
  Radial access                   329 (98)             115 (97.4)           0.77
  Infarct related artery                                                    
    Left main                     4 (1.2)              2 (1.6)              0.67
    LAD/diagonal                  156 (46.4)           57 (48.3)            0.72
    LCX/marginal                  57 (16.9)            17 (14.4)            0.51
    RCA                           119 (35.4)           42 (35.6)            0.97
  Multi-vessel disease            89 (26.4)            37 (31.3)            0.3
  TIMI 3 flow                     325 (96.7)           109 (92.3)           0.04
  Procedural complications        2 (0.6)              9 (7.6)              \< 0.001
    No-reflow                     1 (0.29)^‡^          3 (2.5)              0.02
    Abrupt closure                0 (0)                2(1.7)               0.01
    Dissection                    0 (0)                3 (2.5)              0.003
  Stent length (mm)               24.15 ± 6.35         25.1 ± 5.5           0.14
  Stent diameter (mm)             2.88 ± 0.28          2.93 ± 0.26          0.08
  Multiple stents used            47 (13.9)            18 (15.2)            0.73
  Gp IIb/IIIa inhibitors\*        14 (4.1)             31 (26.2)            \< 0.001
  Contrast volume^§^ (mL)         112 ± 16             123 ± 18             \< 0.001
  Procedural time                 33 ± 19              41 ± 17              \< 0.001
  Fluoroscopy time                6.2 ± 3.4            7.8 ± 32             \< 0.001
  Procedural cost\*\* (dollars)   310 ± 45             402 ± 56             \< 0.001

Values shown represent numbers (percentages), except where otherwise noted. DS: direct stenting; PD: pre-dilatation; LAD: left anterior descending artery; LCX: left circumflex artery; RCA: right coronary artery; TIMI: thrombolysis in myocardial infarction. ^‡^No-reflow was seen in the DBDS subset. \*Bail-out Gp IIb/IIIa inhibitor use. \*\*Excluding stent cost. ^§^Contrast media Visipaque (GE Healthcare, Chicago, IL, USA) was used in all cases.

Final TIMI 3 flow was achieved more frequently in the DS group (96.7% versus 92.3%, P = 0.04). The procedural complications were also significantly lower in DS group (P \< 0.001), driven by lower no-reflow, abrupt closure and dissection. The mean stent length, diameter and use of multiple stents were similar in both groups. DS when compared with the PD technique, significantly decreased both procedure time (33±19 minutes versus 41±17 minutes, P \< 0.001) and fluoroscopy time (6.2 ± 3.4 min versus 7.8 ± 32 minutes, P \< 0.001). Moreover, contrast volume used in DS group was significantly lower (112 ± 16 mL versus 123 ± 18, P \< 0.001). Overall procedural cost excluding the stent was 310 ± 45\$ in DS group compared to 402 ± 56\$ in PD group (P \< 0.001). Bail-out use of Gp IIb/IIIa inhibitors in DS group too was significantly lower (4.1% versus 26.2%, P \< 0.001).

Clinical outcomes {#s3d}
-----------------

[Table 3](#T3){ref-type="table"} shows the clinical outcomes for both groups. ST-segment resolution \> 50% after PCI were significantly higher in the DS group, whereas the LVEF was similar in the two groups. The rates of cardiogenic shock, ventricular fibrillation and stroke during hospitalization were also similar in the two groups.

###### Clinical Outcomes

                               DS group (n = 336)   PD group (n = 118)   P value
  ---------------------------- -------------------- -------------------- ----------
  In-hospital outcomes                                                   
    LVEF at discharge          49.2 ± 8.8           48.9 ± 9.2           0.75
    Cardiogenic shock          27 (8)               12 (10.1)            0.47
    Ventricular fibrillation   3 (0.9)              2 (1.7)              0.47
    Stroke                     1 (0.3)              0 (0)                0.55
    All-cause mortality        2 (0.6)              2 (1.7)              0.27
    ST-segment resolution\*    288 (85.7)           84 (71.1)            \< 0.001
  30 day outcomes                                                        
    Total death                3 (0.9)              3 (2.5)              
    Cardiac death              1 (0.3)              2 (1.7)              0.10
    MI                         4 (1.2)              4 (3.3)              0.11
    TLR                        3 (0.9)              5 (4.2)              0.01
    Stent thrombosis           1 (0.3)              1 (0.8)              0.43
    MACE\*\*                   8 (2.4)              11 (9.3)             0.02

Values shown represent numbers (percentages), except where otherwise noted. DS: direct stenting; PD: pre-dilatation; LVEF: left ventricular ejection fraction; PCI: percutaneous coronary intervention; MI: myocardial infarction; TLR: target lesion revascularization; MACE: major adverse cardiac events. \*ST-segment resolution \> 50% after PCI. \*\*Composite of cardiac death, myocardial infarction and target lesion revascularization.

At 30 days, the MACE rate was significantly lower in the DS group (2.4% versus 9.3%, P = 0.02), mainly driven by lower rates of TLR (0.9% versus 4.2%, P = 0.01). There was no significant difference in mortality rates between the two groups during hospitalization and after 30 days.

Discussion {#s4}
==========

PPCI with stenting is the standard of care in STEMI because it is associated with a significant reduction in morbidity and mortality as compared to fibrinolysis \[[@R02]\] and balloon angioplasty \[[@R12], [@R13]\]. More recently, drug-eluting stents, especially the second generation stents, have been shown to be associated with a significant reduction in the rate of target vessel revascularization \[[@R14]\] and stent thrombosis \[[@R15]\]. To perform stenting, it is mandatory to visualize the length of culprit lesion and the diameter of the downstream artery. However, in a STEMI patient, TIMI flow is most often ≤ 1 \[[@R16]\]. Balloon PD is associated with more reperfusion failure and lower probability of final TIMI 3 flow \[[@R05], [@R17]\]. Pharmacologically facilitated PCI has been associated with significant increase in bleeding and has failed to show any improvements in the clinical outcomes \[[@R04], [@R18]\]. Similarly, recent randomized clinical trials (RCTs) and meta-analyses showed that the routine use of aspiration thrombectomy in STEMI is not associated with any benefit \[[@R06]\] and is recommended only in select patients \[[@R07]\].

As a result DS is currently suggested as the default strategy in primary angioplasty \[[@R19]\]. DS, or stenting without lesion PD, is employed in 30-50% of PCIs in elective as well as non-elective patients undergoing PCI. Contemporary, second-generation DES is constructed from a thin, highly flexible metal alloy making them more attractive for direct delivery. Prospective studies as well as meta-analyses have consistently demonstrated significant benefit of DS in terms of safety, procedural outcomes, MACE rate and mortality \[[@R08]\]. Superior clinical outcomes associated with DS may be driven by reduced wall damage and inflammatory response from balloon PD \[[@R20]\], greater preservation of residual endothelium \[[@R21]\], better longitudinal centering of the stent on the lesion with more uniform axial redistribution of plaque \[[@R22]\], reduced microcirculatory dysfunction and/or distal embolization \[[@R23]\], significant improvement in myocardial reperfusion \[[@R24]\], higher probability of TIMI 3 flow \[[@R25]\], fewer intimal dissections \[[@R26]\] and consequently lesser requirement of number and length of stents \[[@R27]\]. There are also significant downsides to DS including: underestimation of true vessel size, failure to cross, non-dilatable lesions, inadequate stent expansion, geographic miss, late stent mal-apposition and restenosis \[[@R03]\].

Due to poor outcomes associated with balloon inflation and thrombectomy, newer techniques are being explored. One study involved microcatheter (MC) facilitated DS, independent of the TIMI flow in the culprit artery. In the MC group, downstream arteries were visualized in 98% of cases and DS was achieved in 72% versus 31% (P \< 0.0001) \[[@R28]\]. However, the study was limited by smaller sample size, high cost of MC and increased procedural time. Moreover, the effect of contrast media injection in a non-perfused artery is unknown and might be deleterious to myocardial cells. Another alternative could be deferred stenting in selected STEMI patients undergoing PPCI \[[@R29]\]. However, deferred stenting in studies has shown no impact on MACE, occurrence of no-reflow, death, myocardial infarction or repeat revascularization and even suggested a deleterious effect on microvascular obstruction size \[[@R30]-[@R32]\]. Though the available data do not support such strategy, it can be an option in high-risk STEMI patients \[[@R33]\].

We proposed a novel technique to facilitate DS in patients with totally occluded coronary arteries. The use of the DBDS technique can allow the visualization of the downstream artery and assessment of the culprit lesion and hence more frequently allow DS. The success rate of the technique was 68% in arteries with ≤ 1 TIMI grade flow after wire placement. Overall, DS was done in 74% of patients as compared to 32% after wire placement (P \< 0.0001). Complication possibly related to technique was noted only in one patient who developed no-reflow (0.3%). This novel strategy appears to be a feasible and safe option for facilitating DS of the culprit vessel.

DS group had significantly higher final TIMI 3 flow (96.7% versus 92.3%, P = 0.04) and ST-segment resolution \> 50% after PCI (85.7% versus 71.1%, P \< 0.001). The overall procedural complications were also significantly lower in DS group (0.6% versus 7.6%, P \< 0.001). These results are similar to the recent EUROTRANSFER registry study where DS resulted in significantly greater rates of postprocedural TIMI grade 3 flow (91.5% versus 94.9%, P = 0.020) and higher rates for ST-segment resolution \> 50% after PCI (76.3% versus 86.2%, P = 0.016) \[[@R34]\]. Likewise, the safety of DS has been established in several meta-analyses \[[@R08], [@R17], [@R35], [@R36]\].

Like the available studies on DS during primary angioplasty, the DS group in our study also had significantly shorter procedural time, lesser radiation and contrast exposure \[[@R08], [@R17], [@R35], [@R37], [@R38]\]. Cases of cataracts, carotid artery disease and brain tumours reported by interventionalists are supposedly linked to routine exposure to radiation. Anything that can be done to limit exposure to radiation, including reducing procedure steps and time through direct stenting, can have a beneficial impact. Moreover, there was a significant 20% reduction in procedural cost, as seen in a previous metanalysis \[[@R37]\]. Therefore, this technique appears to be an attractive option particularly for health care in resource poor third world countries like India. We have also reported a lower MACE rate at 30 days of follow up. Furthermore, studies have shown reduction in both short-term and 1-year mortality in addition to MACE \[[@R17], [@R34], [@R36]\]. In this study, the in-hospital mortality and 30 days mortality were numerically lower but not significantly different. However, long term follow up may be required to realize possible mortality benefit in our study.

The failure rate of DS in patients with ≥ 1 TIMI grade 1 flow was 5.6%. Despite being an unselected population, failure rate in our study is significantly lower than previously reported (about 17-18%) \[[@R05], [@R39]\]. This may be due to a lower door-to-balloon time, uniform use of the second generation DES, greater use of ticagrelor, high operator expertise being a high volume center for STEMI and younger population with less calcified lesions. IVUS guidance may be used to further decrease the likelihood of unsuccessful DS attempts by accurate determination of plaque and calcium distribution and suggesting the presence of undilatable lesions \[[@R39]\].

Study limitations {#s4a}
-----------------

The strengths of this study were a large sample size and prospective design. However, there were significant limitations also to the present study. First, this was a single centre pilot study and the results can only be hypothesis generating. Second, the poor outcomes in the PD group may be due to higher number of smokers and lower LVEF at presentation. Moreover, studies included in the meta-analyses showing benefit of DS mostly utilised 1st generation DES and poorly reflect current clinical practice \[[@R08], [@R17], [@R40]\]. However, we exclusively used 2nd generation DES and managed patients according to current standard of care in a real-world setting. Third, balloon progression through an occlusive thrombus could be associated with distal embolization. However, the deflated semi-compliant balloon has a much smaller diameter and a better crossing profile than the aspiration thrombectomy catheter. An indirect proof of safety of this technique lies in very rare incidence of complications (0.3%). Finally, the findings of this study are subject to confounding and bias that are inherent to the observational studies. However, a randomised study can't be done as the motive of the technique is maximisation of direct stenting.

Conclusions {#s4b}
-----------

The DBDS technique to facilitate DS appears to be simple, feasible and safe. It significantly increases DS and could offer an alternative to PD and thrombectomy. In real-world clinical practice, DS in STEMI was associated with better clinical and procedural outcomes in comparison with balloon PD and/or thrombectomy. However, larger studies with longer follow up are mandatory before a routine clinical use can be recommended.
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